
NT! AD—A 075 lfl AEROSPACE CORP EL SEStftlDO CA MATERIALS SCIENCES LAS - F~ G tim
TRIBOLOSICAL BEHAVIOR Off METAL MATRIX COMPOSITES. (U)
SEP 79 M F AMATEAU • R F FLOWERS • E ELIEZER FO;701—7e—c—ooi,

UNCLASSIFIED TR—0079(U762 03) 1 SAMSO—TR—79—56 NL

_ _  

_ ii _ _  

• tU

—a-



R O R T SAM5~~ TR ~~~~56 @AEVEV
Tribological Behavior of Metal

Matrix Composites

M. F. AMATEAU and R. F. FLOWERS
Materials Sciences Laboratory

Laboratory Operations
The Aerospace Corporation

El Segundo, Calif. 90245
and E. ELIEZER

Department of Mechanical Engineering
University of Texas
Austin , Tex. 87812

D O G
14 September 1979 J]fl

OCT 29 1979
Interim Report

B
APPROVED FOR PUBLIC RELEASE;

DISTRIBUTION UNLIMITED

Sponsored by

DEFENSE ADVANCED RESEARCH PROJECTS AGENCY (DOD)

L DARPA Order No. 3557
Monitored by SAMSO under Contract No. F04701-78-C-0079

SPACE A N D  MISSILE S Y S T E M S  O R G A N I Z A T I O N
AIR F ORCE SYSTEMS COMMAND

Los Angeles  Air  Force S t a t i on
P.O . Box 92960 , W o r l d w a y  Postal  C e n t e r

Los Ange les , Cal if .  90009

THE VIE WS AND CON CLUSIONS CONTAINED IN THIS DOCU MENT ARE THOSE
OF THE AUTHORS AND SHOULD NOT BE INTERPRETED AS NE CESSA RILY
REPRESENTING THE OFFICIAL POLICIES, EITHER EXPRESSED OR IMPLIED , OF
THE DEFENSE ADVANCED RESEARCH PROJECTS AGENCY OR THE U.S.
GOVERN MENT.

li ~~~~~~~~~~~~~~~



7
This inter im report  was submitted by The Aerospace Corporation,

El Segundo , CA 90245 , under Contract  No . F0470 1-78-C-0079 with the
Space and Missile Systems Organization, Deputy for Technology, P. 0.
Box 92960 , Worldway Postal Center , Los Angeles, CA 90009. It was
reviewed and approved for The Aerospace Corporation by W. C. Riley,
Director , Materials Sciences Laboratory.  Lieutenant J. C. Garcia , SAMSO/
DYXT , was the project  off icer  for Technology.

This report  has been reviewed by the Inforrna tion Office (01) and is
releasable to the National Technical Information Service (NTIS). At NTIS ,
it will be available to the general  public , including foreign nations.

This technical report has been reviewed and is approved for publica-
tion . Publication of this report  does not constitute Air Force approval of
the repor t T s finding s or conclusions. It is published only for the exchange
and stimulation of ideas.

~~~~~
~rmes  C . garcia, Lt, USAF Ge6rge A.~cuck, Maj , USA F, Chief

~~Projec t  Officer Technology Plans Division

FOR THE COMMANDER

Burton H. H~ lad~ y, Col, USAF
Director of Technology Plans and

Analysis
Deputy for Technology



U N CL A S S I F I E D
S E C U R I T Y  C

~~
AS.kFICATI ON OF THIS  PAGE (*~Iw 0.,. £nI.,.d)

REPORT DOCUMENTATION PAGE BEF ORE COMPLET IN G FORM1/ ~~~~~~POR~~~~~~~~~ R .—~ 2. GOVT ACCESSION NO. 3. R E C I P I E N t ’ S  C A T A L O G  NUMBE R

7 SAMSO1L~~~~~~~ - 5 6/  ___________________
Tf I ~ E (~~-# S bf*$4.* - — - - —~~~ S.—~~~~ f OF REPOW ~ B ~~~~~OO COVEREQ

~ ) TRIBOLOGICAL B E H A V I O R  OF ME T A L  /
~-~~
‘ 

~ 4 A T R IX  COMPOSITES . .
~~ . ~~~~_ .  . I n t e r i m  /‘

— 
, B. PLRFORqING ORG. REPO$7 NUMBER

—

~ 

T R - G ~~ 9( 4762-~~3)- 1(
7. AuTsoR~.) .N4TMACT OR GRAR T H41$ BR(.)

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

F/Flowers....a M Z ./~~l i eze r ’~ / F04 7O 1-78-C~ O079/

9 P E R F O R M I N G  O R G A N I Z A T I O N  NAME AND ADDRESS “—“~ 10. PROGRA M ELEMENT . PROJECT . TASK
A R E A  B BORK UNIT NUMBERS

The Aerospa’ e Corporat ion
El Segundo , Cal i f .  90245

I C O N T R O L L I N G  O F F IC E  NAME AND ADDRESS I i* t~ ’oR1’ -eA,f - - - - -  —
~~~~

D e f e n s e  Advanced R e s e a r c h  P r o j e c t s  Agency  .
~ 14 Se~~e~~ber ~~79 /

1400 W i l s o n  Bou levard
Arl ington, Va. 22209 28

14 M O N I T O R I N G  AGENCY NAME B AOO RE5S(i1 dill. rwf l,m,, Co,,frollInd Ollic.) IS. SECURITY CLASS. (ol thi. r.port)

Space and Missi le  Systems Organiza t ion Unclassi f ied
Air  For~.- i Sys t ems  Command
Los A n ge l e s , Calif . 90009 IS.. DECLAS SI F ICAT IO N~~OOWN G RAD ING

SCHEDULE

6. DISTRIBUTION S T A T E M E N T  (of thI .  R.pozt)

/ / -
~~ — I

Approved for  publ ic  r e l ease ;  d i s t r i b u t i o n  unl imited /

‘7  D I S T R I B U T I O N  S T A T E M E N T  (of th. .b.ft.cI .nt., .d ifl Block 20, ii dlll., .nt from R.po,I)

D D C
9 S U P P L E M E N T A R Y  NOTES 

1

~1~
1IE.c:tiE~.i1fl

u1:E11111
19 K E Y  W ORDS (Conti nus on ‘Sc.,.. old. If n.c..u ,y mid Id.nilfy by block numb.~)

Metal Matrix Composites B
ear and Friction

,

ear Mechanisms 

- -

A B S T R A C T  (Con ll n . en r•v•ra. old. if n.c....ty aid Id•ntlf y by block vi mb r)
he wear  and f ric t io n bthavt o r of con t inuous  graph i t e  f ib € r  r e i n f o r c e d  meta l

ma t r ix  composite s was inves t iga ted . Composite mater ia l s  we r e  t e s t ed
against  4620 steel at 54 r n / s e c  at room tempera tu re  in air  wi thout  l u b r i c a n t .
The g raphite f i be r s  s tudied included rayon~ based , pitch~ based , and pol yacri-
lon i t r i le  (PAN) -based  f i be r s .  Both hi gh-modulus  and hi gh - s t r e n g t h  PAN-

4 based f ibers  were examined.  The f ibe r s  were  incorpora ted  into Cu- and A g -
based alloys by means of a li quid metal  i n f i l t r a t i o n  techn ique. The r e s ul t s  of
thi s s tud y indicate  that the type of g raphite  fibe r in the composite is the most

~~ 
F ORM 

~~~~MM 1 W 1 6  
~~~~ :: ,. ,. UNCLASSIFIED

~ I 
~ ,__. (~~~ SECURITY CLASSIF ICATION OF THIS PAG E (USv•n 0.I.

_~~~~~~~ .



I ’NCLASSIF’ I ED
S E C U R I T Y  C L A S S I F I C A T I O N  OF THIS PAQE(lTha, 0.1. Xnf .r.d)
I S 1< El WORDS (Cofltl nu•d I

A B S T R A C T  (Conllno.dI

sn.~n u f i c an t  f a c t l r in  the w e a r  ari d f r i l .- t i c ) f l  behavior  of meta l  ma t r i x  composi tes
In some hig h — m o d u l u s  fibt ’  r S n— b r o n z e  composit e s  f i ber  f r a c t i o n  i n f l u e n ce  S
\vk a r r a t e , but not c o e f f i c i e n t  of f r i c tion . N e ithe  r the m a t r i x  alloy nor  the
coru posi t t e n s i l e  s t re n g t h  per  st’ C I )  r r e l at e s  wi th  the f r i c t i o n  and w e a r  pro-
p er t i e s ;  however , t h e r e  a re sp e c i f i c t r e n d s  fo r  the v a r i o u s  m a t r i x  al loys ,~

I

UN CLASSIFI ED
SE CURITY CLASSIFICATION OP tHIS PASC(Vb n 0.9. Ent.v.d)

_ _  

A -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
_______ - - ~- — - - ——— 

—.. L__.___ — — .— — —~~~- .———— - . --—-—-—-—-_ --_



CONTENTS

INTRODUCTION 7

EX PERIMENTAL PROCEDURES 9

RESULTS AND DISCUSSION 13

CONCLUSIONS 31

REFERENCES 33

ACCESS R) N f~~ 
- - -

NTIS .

ODC C~~~OiI 0
0

j us ic:c~:

DI~TP::~ ~. ~ ILJ~ COUES
(lIlt - ~l SPECIAL

F

L ~~~~~~~~~~~~~~~~~- - . - -



P

F I GU R E S

I . F:ff ~~~t of Graph i t e  F iber  Type in W e a r  of Var ious  Me ta l
M a t r i x  Composi tes  fo r  Fiber  O r i e n t a t i o n  I 18

2. E f f e c t  of Graph i t e  F iber  Type of F r i c t ion  of V a r i o u s
Metal  M a t r i x  Compos i t es  fo r  Fiber  O r i e n t a t i o n  I 19

3 . E f f e c t  of Graphi te  Fiber  T ype on W e a r  of Var ious  Meta l
M a t r i x  Composi te s fo r  F iber  O r i e n t a t i o n  II 21

4. E f f e c t  of Graphi te  F iber  Type on F r i c t i on  of Var ious  Meta l
M a t r i x  Composite s fo r  F iber  O r i e n t a t i o n  II 22

5 . W e a r  S u r f a c e s  for Composites  wi th  D i f f e r e n t  Size
F ibers  

(I . S c h e m a t i c  R e p r e s e n t a t i o n  of W e a r  S u r f a c e s  of High -
Modu lus  (VSA- I f  /SSC 155)  and Hi gh - S t r e n g t h  (Ce l ion
6000/SSC 155) F iber  Composi tes  A g a i n s t  Steel  25

7 . E f f e c t  of Fiber Frac t ion  on Wear  and F r i c t i o n  of
HM 3 0 0 0 / B r o n z e  Composi tes  for  F iber  O r i en t a t i o n  I 26

8 . W e a r  Rate  and F r i c t i o n  of HM 3 0 0 0/ B r o n z e  Composi tes
for  Three  Fiber  O r i e n t a t i o n s  27

9. W e a r  Rate  and F r i c t i on  of T 300/Ag Al loy Composi tes
for  T h r e e  F iber  O r ien t a t i o n s  29

WkI~kLAlNG IM~~ bL*.Z~~
ii

— - 
_—

~~

_—.___ 
. 

_



_ - -- -- 
_ _ .~—--- --—,~~~-~

TA B L ES

I . P r u p  rti t ’ s I f  G r a p h i t e  F i ber s  • 10

11. Compu ’~I t e  M o h ’ r i a l s  11

[ [I .  \ V e a r  ari d E r i e  t i tn Behavio r of Meta l  M a t r i x  Composi tes  

-5-  1



- - . - - .... _ _ - . .~~~~~~ _~~~~~~~~~ -- . - .~~-

INTRODUCTION

Recent studies indicate that the wear and friction behavior of graphite

fiber-metal matrix composites can be substantiall y better than that of the

unreinforced matrix material [1-4]. The wear rate s of bronze  matrix com-

posites  dec rea se  with inc reasing  Sr1 content , thus r e f l e c t i n g  the contr ibution

of matr ix hardness  to wear  r e s i s t ance .  Fiber or ien ta t ion  also has a signi-

ficant effect on wear; the best wear resistance occurs when the fiber ends are

normal  to the sl iding su r f ace .  Thi s or ienta t ion prevents  the f i be r s  from

being p lucked f rom the sur face  during sliding.

Metal matrix compo sites that contain low-modulus polyacr ilonitrile

(PAN)-bas ed g raphite fibers have a lower wear rate than those containing t.

high-modulus rayon-based or PAN-based graphite fibers. The wear rates

of the various composites are related to the size of the debris particles

generat~ d during sliding, which correlates with the 
grain size of the con-

stitutent graphite fiber.

The wear  and f r i c t ion  behavior of metal matrix composites is also a

func t ion  of sliding speed . The sliding speed that resul ts  in minimum wear

is determined by the rate of oxide formation and sur face  destruct ion caused

b y the sof ten ing  of the matrix .

In the previous studies the conclusions were  derived on the basis of only

one type each of low-modulu s PAN-based , high-modulus PAN-based , and

rayon-based g rap hite  f ibers .  In this  stud y several  di f fe ren t  f ibe r s  were

-~~~~~~~~~~~~ 
_ _ - _-~~~~~~ 
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exa m i ned , w h i c h  in c  luc led a hi g h _ m o d u l u s  pi t c h — b a s e d  f i b e r  and addi t ional

Li  ~h — flIO(1I11515 P A \  — b a s e d  and low— m o d u l u s  PA N  — b a s e d  f i b e r s .

The f i b e r  f r a c t i o n  i s  ex p e c t e d  to have  a si g n i f i c a n t  e f f e c t  on the wea r

and  f r i c t i o n  behav io r  of t h e  compos i t es. U n f o r t u n a t e l y ,  the li qu id  i nf i l t r a t i o n

t t ~~h n i q u e  u sed  in the  p r o c e s s in i ~ of t he s e  compos i t es is not  amenable  to

c o n t r o l l e d  v a r i a t i o n  of f i b e r  c o n t e n t  over  a wide r a n ge . A c h a r a c t e r is tic

f i b e r  f r a c t i o n  does o c c u r  fo r  a spec i f i c f i b e r  and m a t r i x  combina t ion, and

some a d d i t i o n a l  v a r i a t i o n  is poss ib le  b y p r o c e s s  m o d i f i c a t i o n s .  In this s tud y

t h e  e f f e c t  of intentionall y produced and natur ally occurring fiber fraction

v a r i a t i o n  on wea r and f r i c t i o n  behav ior  was  examined .

The m a t r i x  e f f e c t s  r es u l t i n g  f r o m  v a r ying  Sn c o n t e n t  in b r o n ze  i n d i c a t e

t h a t  m e c h a n i c a l  and c h e m i c al  p r o p e r t i e s  of the mat r ix  shoul d i n f l u e n c e  the

w e a r  b e h a v i o r  of meta l  ma t r ix  com posi tes .  In th i s  s tud y more m a t r i x

com positions inc Iud in ~z Cu and A g a l loys we re  examined than  had been

examined  i n the pas t .

-8-
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RESULTS AND DISCUSSION

The w e a r  behavio r of the me ta l  ma t r ix  composites is summarized  in

Table III . The t h r e e  f i b e r  o r i e n t a t io n s  s tud ied  a re :  f i b e r s  axis normal  to

sliding s u r f a c e  (I ) ,  t i L e r  axis p a r a l l e l  to sliding su r f ace  but  no rmal  to the

s lid i ng d i r e c t i o n  (I I ) ,  aod f i b e r  axis paral lel  to both sliding su r f ace  and

d i r e c t i o n  (III) . The wea r  rates are expressed in both the weight lossed per

ki lometer  of sliding and the equiva len t  d is tance  abraded away in the s l ider  -ç

specimen with a un i fo rm w e a r  ra te  fo r  the sliding s u r f a c e  assumed , This j
assumpt ion  does not a l w a y s  hold;  t h e r ef o r e , weigh t - l o s s  measur ements

w e r e  used  in the g raphica l  p r e s e n t a tion of the data . The coef f i c ien t  of

f r i c t i o n  values r e por t e d  here  are  the ave rages  obtained for each of the ten

sliding cycles  to which the specimens  w e r e  sub j ect ed .

In the previous  stud y [z] the f r i c t i o n  and wea r  r a t e s  of composi tes  of

a h igh-modulu s f ibe r , I-T M 3000 , and a hig h - s t r e n g t h  f iber , T 300 , in a

C u -  lSn ma t r ix  were  compared.  The f r i c t i o n  and wear  r a t e  was hi gher  for

the  hi g h-modu lus  f i b e r  compos i te .  The e f f e ct  of the type of f i ber  was

e x a m i ne d  more  ex t en s i v e l y in this  wo rk fo r  both b r o n z e  and Ag ma t r ix

compo s i t e s .  T i l t -  w e - a  r ari d f r i c t i o n  behavior  f o r  O r i e n t a t i o n  I f i be r  compos i tes

a r e  shown in F ic .s .  I and 2 , r e s p e c t i v e ly .  The composi t es w i t h  h I c .h - m o d u l u s

f ibe r s  appea r  to h a v e  w e a r  r a t e s  tha t  a r e  n o t i c e a b ly l a r c . e- r t h a n  t hose  wi th

h i c . ! i - s t r e n g t h  f i b e r s .  The va r i a t ion  in w e a r  p r o p e r t i e s  of I l l - d i f f e r e n t

h ic . h- m o d ul u s  f i b e r  composites  is in c on st r a s t  to the r e l a t i v e ly s i m i l a r

behav ior  in the  va r ious  high - s t r e n gth composi tes. The d i f f e r ence  in f r i c t i o n

behavior  also is evident  between the h i g h - st r e n g t h  and h i g h -modulus  f i be r
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CONCLUSIONS

The type of g raphite f iber  in the composite is the most  si gn i f i can t  fac tor

i n the wea r  and f r ic t i o n  behavior of metal  matr ix  composi tes .  The composites

w i t h  l ow-modu lus  P A N - b a s e d  f i be r s  have the lowest  wea r  and f r ic t i o n  r a t e s .

Th e hi gh-modulus  P A N - b a s e d, r a y o n-b a s ed , and pit ch -based  f i b e r  composites

have s ign i f ican t l y high e r  wear  ra te s and f r i c t ion .  Fiber  f r ac t ion  in f luences

w e a r  r a t e, but not  c o e f f i c i e n t  of f r i c t io n  for  the high-modulus  HM 3000 f i b e r / S n -

b ronze  matrix composites.  The f iber  f r ac t ion  e f fec t  is s trong  enoug h to mask

any e f f e c t  of the Sn con ten t  of the ma t r ix  a l loy,  N e i t h e r  the m a t r i x  al loy

s t r eng th  nor the compo site s t reng th per se cor re la tes  with the f r i c t ion  and

wear  proper t ies ;  however , speci f ic  t r ends  are  evident fo r  the s.ra r ious  matr ix

alloys (e . g . ,  Ag,  Cu , and b ron ze)  with a g iven c lass  of f i b e r s  (e .  g .  , low-

modulus PAN , high-modulus PAN , and p i t ch ) .  Signif icant  fiber or ienta t ion

e f f e c t s  found for  the hi gh-modulus  rayon and PAN p r e c u r so r  g raphite f ibe r s

were not evident  fo r  low-modulus or pitch p r e c u r s o r  f i b e r s  in A g alloys.
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